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Abs-- t ract

A slant t ranlSi siS~on path tol r measurIing, t he qual1ityv of I i gh1t

transmiss ion i n thle vis ibl e ( 0. 3) t o 0 .9 go)j and t hermalI

(1. 25 to 1 2. 75 ini) wi ndow ha-s been i nstalIled. Transm it ters

arc located at 1650 m a.s.l. on a mountain peak, receivers a t

the val1ley i nSt i t Lte where thle s ig(nalIs ( lower l imi t <0 , 1

transmission) are processed. Direct distance is 2.7 kmn, incli-

nation of the path agjainst horizon 19-. The following4 quanti-

ties are recorded at the mountain and also at the valley station:

Precipitation rate, temper)Oature, hIumlidi tv, aerosol particle

sp~ct rumn from 0.4 to 20 um 0, and visi hi Ilit\. Profiles of

t emper17at L1re'M 1L and huid i t -1are recordedk by sondes oin one of
t he gondolas of a naryCab 1 ,' Car orI by small rad ioso ndes.

Aerosol backseat ter between valley and mount ain stat ion is

recorded by a on it i-freguency sla1,nt I idar (1~47 nm, 51~0 nio,

and 6 94 nm i, in near- fLIt Lltr-a s 1 060 no;).

This system serves to study in the Course of measuring camipaigIns

the dependence of light transmission on the meteorologica I

situation (fog, precipi tat ion, huimidi tyv) and on aerosol cond i-

t ions ma inly' dunrllc ngMOderate to strongj haz'e or mist, as; well as

gjenerally on the air mass type, part ic lan] \ in cases' of verti -

cal i nhomogeone i ty (1 aye r st ruc t ures.

The acqu ired data are i nt erco rreIa ted and app lied later onl i n

the sense, of an improv--ed 1UOWTRAN.

Keyword s

I I

S lant path t ras si ty/i eceof fog, prec ipit at ion

raite, humvidi tv / i nflunence of aeros;ol *on]Cen'It rat ion, particle

s p(w t I-nm, and l ocal I n ne i t i on it flt nence of a i r

mass- t yp e / omprovemen t of 1, )WT PAN.



I . Objeoct ives andi Baekkqround

The object ive of the research work dlescr ibed in Chapter 2.

differ-; indeeod sini fi cant lv from our- former works uinder US

Army cont racts; nevertheless it is based on all exiPeriences

and data on atmospheric aerosols (lathered at ouir Institute

till todav', further on the existence of mountains in the

immediato e icini tv of the In~t t ute, as well as on the use

of inStitu-te-operated mountain ohservat ones includi nq (able

car-s and - 1las-t not leaSt - On t he dove lepmeIICnt of I idar Svs-

t ems for remote, ace ose1 sons i no and eval1ua tion and i n terpre -

at ion of the da-t a obt a ined t he rowit h. ThuIs, t he projeoct new-

Iv to be tackled is consciouISI lv a matteor of applied research

feunioed on all hi erto qiained experiences . The subject is to)

study, the dependence of Iiqht trans1-'mission in the visible and

t he rmalI window on the aerosol st ruct ure and met eorolo eqi ca 1

qaLant it jeS (feq ,, precipitat ion) , air mass characteristics,

and others. Trhat means, thaLr in view of these control linq

factors in t he qeoeq raph ical mesosca To env ironment of t he

Ins;t i tuto, the ment ioned parametoers mlust under jo co-ns ido rable

variations and that - with the aid ofI aupr(opr iat o asrin

t echoIqTIueS - the i r influencec en 1 iqht t ransm ision ca-n be

ut ud i ld. Our I me t (-o ro lo(I ic (L IaIn d uh\) ice-chemil 1IS t u~d Ic

carrieod out overl deca-LdeS ensurel- t hat I o eesaVreqi e

11ents are mt ,eecalvwithl req(ard to cond (it ionls of very I

low I i 'Iht t mans lli ss; ionl.

14ub1j oct IlI() d , I'a ii I i tv

In c mnpI i ne( wit III1)- our proosalI o t 2 OCt L) ) ( I 1)7 6 - whI i i

has bee discussed in dot ai I wi th sciont justs of AS!I, - and

an oxper iflOta I p lan seot up1 by Mr. fames ID. f[indberqI On

20 anua ry 19077 , t he objeoctivye ofthe reoa rc 0 work muay b

(I I bed a s f o 1 lows:
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i. The fog/haze optical propagation models for different

light wavelengths, known and temporarily used so far,

shall become verifiable through the data to be gathered

by ASL under realistic conditions as they do frequently

occur in Europe. Special value is attached to slant path

measurements because such have not yet been made on larger

scale under an adequate, concomitant meteorological-phys-

ical measurement program. This will result in further devel-

opment of models and scaling laws to make them applicable

to air to ground optical paths.

ii. The resulting new optical data base will include better

meteorological support data than has been available pre-

viously, making it possible to begin modeling the relation-

ships between more routine meteorological measurements and

haze/foprecipitation optical propagation conditions.

Thus, the second objective is to attempt development

techniques for predicting optical propagation conditions

for low visibility slant paths from meteorological data

forecasts.

In the following a brief description be given of the experimen-

tal plan and its feasibility in the environment oF the Institute

as agreed with ASI,. Accomplishment of the objectives discussed

above requires intercoordination of several elements in a field

test situation.

a) An optical propagation slant test path, of a length over

which infrared transmissometer measurements can be made that

are in a magnitude range permitting accurate measurements under

the low visibility conditions of interest must be chosen.

A path which is too short will produce transmission measure-

ments which are close to 100% and therefore do not accurately

relate to absolute transmissivity. A path which is too long

will result in transmission measurements which are very low,

and are signal to noise limited durinq low visibility cases.
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The direct distance of 2.7 km between valley and Kreuzeck

peak station and an elevation angle of 190 appears to be

optimal.

b) The inhomogeneous nature of the optical slant path must

be known during th( time the absolute integrated transmisso-

meter measurements are made. Therefore, it is essential that

a multi-frequency lidar be operated along the path, together

with the transmissometer and a Knollenberg particle spectro-

meter at each end of the path.

c) The prevailing meteorological and aerosol conditions in

the general area must be precisely measured during the test

period, so that all atmospheric data which miqht reasonably

be expected to correlate in some way with the optical measure-

ments are recorded and documented. The climatoloqical history

of the site should be known and well understood micro-meteoro-

logically, so that the relationships between meteorological

and optical data can be recognized and properly interpreted.

In the Garmisch valley the Institute operates a unique system

of direct meteorological and aerosol sensing instrumentation

on the valley floor, on two mountain peaks, and on two cable

cars that connect the mountain peaks with the valley floor.

In addit ion, radiosonde Measurements are routinelv made. A

two frequency (ruby and doubled) Iidar operates on a routine

basis at the Institute, giving a vertical profile of aerosol

backscatter cross sect ion. The valley station, at the main

institute building, is at an elevation of 740 m above sea

level. The two mountain t )p stations (Wank and Zugspit,.e)

are at elevations of about 1780 and 2960 m, respectively.

All the resulting data, including the lidar returns, are fed

direct ly to computeriezI data processinq equipment , part ly



via telemetry links. This highly sophisticated met/aerosol

system which has been in operation for a number of years,

provides an excellent picture of the micrometeorological

conditions that prevail at any time in the atmosphere above

the Institute. This system does satisfy requirement c. above

to an extent never before attained by a propagation experiment

of this kind.

In addition to the two-frequency lidar operating from the

institute building, a second three-frequency (ruby, doubled

ruby, and doubled neodymium) lidar which can operate on a

slant path is available for measurement of backscatter cross

section along the chosen transmissometer path.

3. Rough Cross Cut of the Works under Contract in Brief Outline

It goes without saying that the whole complex of parallel and

simultaneous measurements to be performed durino the measuring

campaigns of 6 - 10 hrs duration each (current measurements

over still longer intervals or even days have not yet been

possible for obvious reasons including the limited number of

skilled staff and related costs) had first to be "trained".

Table 3. 1. shows the total extent of simultaneous measurements

and recordings. Sampling and evaluation of all acquired data

had just as well to be coordinated, organized, and optimized

with regard to expenditure of time and effort and preparatory

works for scientific interpretation.

After delivery of the Barnes system (Table 3.1., la and ib)

it was essential to mount the receiver as stably as possible

at a suitable place at the back wall of the Kreuzeck cable car

entrance room which consists of concrete with extreme carrying

capacity (see Fig. 3.7., protectinq cover removed). Inside the
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Table 3.1.

la. Barnes transmissometer recording, infrared 7.25 - 12.75 pm

lb. Barnes transmissometer recording, visible range, 0.35-0,90 um

2a. Lidar backscatter profiles, vertical, 694 and 347 nm

2b. Lidar backscatter profiles, slant : between valley and
Kreuzeck, 694, 530, and 347 nm (1060 in preparation)

3. Precipitation - if any, recorded by ombrometers at Kreuzeck
and the valley station

4a. Knollenber particle spectra, valley station

4b. Knollenberg particle spectra, Wank station

4c. Knollenberg particle spectra, Kreuzeck station

5. Small balloon-borne radiosondes

6. Small radiosondes on the cable car of the Osterfelderbahn
near Kreuzeck (temp. and rel. humidity versus altitude)

7. Recording of meteorological data and visibility (valley and
Wank) - on Kreuzeck in preparation

8. Cloud and visibility observations with the naked eye

9. Cloud photoqraphs

10. Zugspitze cable car telemetry data (temperature and humidity
profiles)

11. Temperature and relative humidity at all stations,
including Kreuzeck
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protective housing a constant temperature of +10 C is main-

tained. The outlet for the coaxially directed beam of visible

and infrared light is closed when inoperative, and is mechanic-

automatically opened when the Barnes system is switched on.

Power supply is in a closed room of the buildiny and just so

the data processing system for Knollenberg spectra, temperature,

humidity, precipitation, and lateron visibility. The complete

system can be turned on and off from the Institute via a tele-

metry signal. Sensors for the above mentioned measured values
are mounted outside the building at an appropriate place.

Until expiration of this contract, data have been stored on

punch tape at the station Kreuzeck. At a later date these data

will be telemetered to the valley institute. Fig. 3.2. shows

the open view from the Barnes transmitter at the Kreuzeck to

the Institute (circle), Fig. 3.3. conversely the view from the

valley institute (Barnes receiver) to station Kreuzeck (circle).

Fig. 3.4. illustrates the two parallel receivers for both wave-

lengths. They, as well as the tripod, are protected against

insolation by a down-hanging umbrella and look at the trans-

mitter only through a small aperture. Fiq. 3.5. presents the

electronic Barnes-units, recording happens through appropriate

high resolution analog-recorders. Fig. 3.6. gives the three-

frequency lidar (optical part) in position (electronic data

processing and power supply is housed in the truck inside the

building). Fig. 3.7. shows the Kreuzeck-oriented position of

the lidar during the shots (Target: see circle), in the case

of haze.

In the reporting period, until completion of the Barnes system,

works to improve the lidar systems have been continued. In

particular, it was attempted to utilize wavelength 1060 (non-

double - neodymium-glass laser beam). As described further below

first attempts with a pin diode proved fruitless.

A photomultiplier which is supposed to be appropriate has been
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ordered but was not as yet delivered. All other components

(filter, telescope, etc.) are available and also electronic

processing of signals is prepared. A photodiode for measuring

the supplied energy/shot must still be installed.

Concerning capability of the Barnes instruments-, the follow-

ing can be said:

During a very thorough evaluation of the systems by scientists

of ASL in fall 1979 it was found that up to this time the sys-

tem was only capable of measuring transmission levels as low

as 50% on account of the original phase lock system which used

the chopper frequency of the transmitted signal. In the case

of weak signals-and just then measurements are desired -

the signal-to-noise ratio was too bad to control the lock-in

amplifier reliably. In fall 1979 we constructed at first in

haste a preamplifier permitting measurements as low as 12%

transmission. At the same time, under a small independent

parallel-contract with the US Army, a telemetry link was pro-

cured and incorporated in the Barnes system. This instrument

supplies the chopper frequency of the transmitter independent

of weather to the lock-in amplifier in the receiver. The result

(see 4.3.) has surprised us very much indeed. We are now able

to measure even under extremely low visibility conditions.

However, this latest improvement will become effective only

under the present Contract DAJA37-80-C-0345 since the tele-

metry system was ready for operation not until the middle of

1980. Resonably, the subsequent description of measurement

results is restricted to the period in which we were able to

measure reliably as low as 12% transmission. Under these trans-

missometer conditions numerous (80) effective measuring cam-

paigns have been conductea in Lhe first half-year 1980. All

of the latest technical improvements are of advantagle to thle

present, new contract.

In preparation is moreover the total on-line transmission of
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data obtained on the Kreuzeck (transmitter station) such as

aerosol spectra, temperature, humidity, precipitation, later

visibility and other data to the valley via the existing

telemetry link for the purpose of current checks on the per-

formance of instruments and actual data processing.

4. Detailed Description of the Various Systems Used

4.1. Stationary lidar system

In the stationary lidar system a Q-switched ruby laser with

964 nm wavelength, 2 Joules maximum output energy, 20 nano-

seconds pulse length and 1 Hz maximum pulse repetition fre-

quency serves as transmitter. By shifting a KDP frequency

doubler into the beam path the second wavelength, 347 nm, is

generated. The beam of the horizontally mounted laser is directed

vertical by one dielectric mirror for each wavelenqth. The

energy of each laser pulse is measured by a photodiode with

integration stage, peak digitizer and A/D converter with dig-

ital data output. The backscattered light is collected by a

fixed vertical pointing 52 cm dia. Cassegrainian telescope and

detected after passage of a field stop, an optical shutter,

filter wheels containing neutral and narrow-band interference

filters and a polarizer by a range-gated EMI 9816 photomulti-

plier tube. The polarizer can be turned for measurement of the

depolarization ratio of the return signals. The electrical sig-

nals from the photodetector are recorded by a Biomation 8100

digital transient recorder with 8 bit amplitude resolution,

10 ns minimum sampling interval, and 2024 bytes memory capacity.

Immediately after each signal record the data are transferred

to an on-line minimcomputer with 16 k core memory, graphic

display terminal and data output on floppy discs. By means of

the computer the first steps of data processing are performed

such as averaging several successive signals for improvement

-,.
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of the signal to noise ratio, subtraction of the skylight

background which is measured immediately before each laser

shot, range correction by multiplication with the square of

distance and energy normalization. The resulting normalized

backscatter profiles are plotted together with range scale

and house keeping data on the screen of the display terminal

and copied by a hardcopy unit immediately after each measure-

ment. These profiles are proportional to the total backscatter-

ing coefficient, F (sum of molecular and ae rosol part), as

function of distance, x, times the squared transmission factor,

T, along the light path between lidar and distance- x. For

further processing on the main computer the raw data are

stored on floppy discs.

Sijecial electronic circuits developed in our laboratory

allow a completely automatic, computer controlled operation

of the whole system. Indivicual measuring series can be

started at any time by a digital quartz clock.

The lidar system is calibrated absolutely by comparison with

aerosol data (number concentration and size., distribution) from

five-stage impactors at the Institute and at 1800 and 3000 m

altitude, and Knollenberg type optical aerosol spectrometers

located at the Institute, the 1800 m mountain stat ion and ,

more recentlv, at the site of the transmissometer source at

1650 m. For this purpose backscatterinq coefficients for both

lidar wavel ngt hs must be calculat ed from the aerosol spect ra

using the Mie theory. since in prirnciple this theory applies

t(; spherical parti-lus with known ref ractive index only, these(

calculat ions; arc always affected with some uncertoint ies.

Especia I1' usful for cal i brat ion purpos es are atmospheric

cend i t i ons wi t I ext -emely low a e ro l (coricon nt rat io( ns occur-

ring no rmal1 1%, o'v oral days a l 111 at t I, It 'rat lol t ( () ot i r

Inst i t It ,, wh(, n ,I ir l 1)ackscit t 0 111 I (" I trI, In(ran t l eted c(mplaI ,d

wi t ii mol ctci' lai r lae'k!;(it I fr s;q. Tht, 1' -11,0 1 q) of t h III()1 ocu)lal
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backscatter coefficients by the Rayleigh theory is much easier

since they depend only on atmospheric pressure, temperature and

water vapor content which all are measured by stationary instru-

ments and different kinds of airborne and cable car sondes.

By these methods we were able to derive reliable values for the

calibration factors for the two wavelengths of the stationary

lidar system. With these factors known, it is first of all

possible to calculate the above mentioned FT 2-profiles in ab-

solute units (m Isterad-I). The next step, the derivation of

aerosol data from these absolute profiles, is much more diffi-

cult, since the backscatter and extinction coefficients depend

on many aerosol parameters such as concentration, size distri-

bution, refractive index of the particles and so on. Using more

than one transmitter wavelength, it is in principle possible to

get information about the size distribution of the particles,

if their refractive index is known or reliable assumptions can

be made about it. For this purpose the particle size distribu-

tion function is to be approximated by a simplified model con-

taining not more independent parameters than the number of

different wavelengths used. We chose for the evaluation of our

two-wavelength lidar data a two-parameter model consisting of

two log-normal distributions with constant center diameters

(.4 and 2.0 microns, respectively) and standard deviations (.3),

but variable total number concentrations, N and N In this

model we use a refractive index varying with relative humidity

since for background aerosol far from emission sources the major

changes of the index result from humidity-detotrmind! water content

of the particles. Using this model, we developed a calculation

scheme for the iterative solution of the 1 idar equation for the

aerosol backscatter coefficients in both wavelengths as function

of altitude and the derivation of the profiles o-)f the aerosol

parameters N and N2 . 'The iterative met hod is required since

the lidar equat ion, which relates the backscattered light in-

tensity to distance, molecular and ae-osol ,extinct ion and back-
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scattering, and lidar system parameters, contains the trans-

missivity as an integral term.

4.2. Mobile lidar system

Whereas the stationary lidar system with its automatic opera-

tion capability serves, with regard to the transmission measure-

ments, mainly as a monitor for the actual atmospheric situation,

a second, mobile lidar systc.m, which can be directed to any

azimuth and elevation angle, is used for assessment of the

aerosol distribution along the transmission path. It is equipped

with two lasers: A ruby laser used with and without frequency

doubling similar to the stationary system, and a frequency-

doubled neodymium-glass laser, allowinq measurements in 530 nm

wavelength in addition to the 347 and 694 nm of the ruby laser.

Again a Cassegrainian telescope collects the backscattered light,

in this case only 30 cm in diameter, and an EMI 9816 photo-

multiplier tube is used as detector. The fundamental wavelength

of the neodymium laser, 1060 nm, is not utilized up to now be-

cause of detector problems, but, since it is desirable to ex-

tend the wavelength range towards the infrared, we will try to

use this wavelength also in the future. For this purpose we

ordered a Si photomttiplir tube, with a quantum efficiency

of .05% at 1060 nm. A commercial pin diode/preamplifier combi-

nation did not give satisfaci-ory results. All other optical

equipment required for the 1000 nm wavelength such as fourth

interference filter, and beam expanding telescope, has alrea iy

been instal led in the system.

The energy <f each outgioing laser pulse is measured by an en-

erqvy monitor of the same kind as in the stationary system. The

lidar return signals art, rec-rde1 by the same Biomati en 8100

transient recorder as in t .,t her system, and also transferred

to an on-line minicomput(,1 t )r further processinq. The range -
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corrected and energy-normalized backscatter profiles are plot-

ted on a display tube and on an x-y recorder. The data are

stored on magnetic tape cassettes in this case. The operation

of the mobile system is only partly automated, mainly since

the change of wavelength must be done manually.

For the evaluation of the data from the mobile lidar we use a

calculation scheme similar to that for the stationary lidar

idata. The bimodal model for the particle size distribution is

still used in this case because it did not seem useful to change

the model for the intermediate wavelength, 530 nm, for example

by introducing a third mode of particles. The problem of inver-

sion of the three-wavelength lidar data into a trimodal size

distribution model would be much more complicated and sensitive

to measurement errors than in the bimodal case. Instead of that

the 530 nm data are used to optimize the procedure, e.g. by

changing the refractive index.

It is to be mentioned here that the evaluation of the lidar

profiles along the transmission path is facilitated by the

availability of Knollenberg particle spectra from both ends

of it. The task of the lidar in this case is the interpolation

between both these data.

4.3. Barnes transmissometer system

The transmissometer system, delivered by Barnes Engineering Co.,

Stamford, Connecticut, (USA), consists of two main parts, the

radiation source for the visible and the infrared region, and

the receivers for both channels together with data processinq

electronics. The radiation source assembly contains a black-

body source for emission of infrared radiation maintained pre-

cisely at a selected temperature in the vicinity of 1000 0 C, and

a tungsten iodide source maintained at about 3000 K for visible

radiation. One common reflective collimatnr is used for both

.... .-- .
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sources to produce exact coaxial beams with a divergence of

,5 milliradians. Also contained in the source as.embly is a

mechanical modulator that chops or interrupts source radiation

at 1000 Hz to differentiate it from the background and other

sources. The chopper wheel is equipped with a pickup that gener-

ates a pulse each time the radiation is interrupted. This pulse

is used to transmit the chopper frequency to the receiver as-

sembly for synchronization, via a telemetry link which is in

operation since June 1980 and which is described below. The

source assembly is mounted in a cable car station bui ldinq on

a mountain peak close to the Institute at 1650 m a.s.l., slant

distance 2,7 km.

The receiver assembly, which is mounted at the Institute at the

end of the transmission path, consists of one receiver system

for each wavelength range. The receiver systems are identical

except for the spectral sensitive photodetectors, and consist

of a sensing head with optical telescope, detector and pre-

amplifier, an electronic control unit, a selective amplifier,

a lock-in amplifier and a strip-chart recorder. The telescopes

are of Cassegrainian type with 10.8 cm aperture and 2.3 milli-

radians FOV. In the infrared (IR) receiver a liquid-nitrojton

cooled mercury-cadmium-telluride detector is used, in the re-

ceiver for visible radiation a pin-diode detector. Filters

limit the spectral ranges from 7.25 to 12.75 and .35 to .90

microns, respectively. A preamplifier amplifies the detector

signals to a level and impedance suitable for transmission

through a cable to the remote electronic control unit. In this

unit the signals can be attenuated in 3 dP steps and are ampli-

fied by a general-purpose amplifier. Further amplification and

noise reduction is accomplished by a selective amplifier with

a 50 Hz bandpass filter centered at the chopper frequency.

Because of the limited stability of this frequency a further

reduction of bandwidth and improvement of siina]-to-noiise ratik)

can only be achieved by usinq a lock-ii amplifier which is
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synchronized to the chopper frequency and allows a precise

measurement of the signal of interest in the presence of fre-

quency drift and broad-band noise. This amplifier demodulates

only those components of the incoming signal which are exactly

in phase with a reference frequency applied to a special input

connector, and converts them to an amplitude-proportional dc-

voltage with 1 volt full scale, which is recorded by a paper

chart recorder. In the initial version of the system the meas-

uring signal itself was used as reference. The reference sig-

nal, however, must fulfill some minimum requirements, first of

all it must cross its mean only twice each cycle, and the min-

imum amplitude should be at least 100 mV pk-pk. The incoming

signals from the sensing heads do not meet these requirements

if the transmission is less than some ten percent, and the lock-

in amplifier then gets unlocked and the output voltage goes to

zero. Since the sensitivity of the receivers was unsufficient

in this state, two diode clipped amplifiers were built in Octo-

ber 1979 in order to improve the signal from the selective

amplifier for reference purposes. These amplifiers were con-

nected between output of the selective and reference input of

the respective lock-in amplifiers. By this method the lower

limit of measurable signal amplitude was reduced to a value

corresponding to a few percent transmission. The largest in-

crease in sensitivity, however, was achieved by the telemetry

link for the chopper frequency which becomes effective under

the present new contract. Transmissivities down to .1% in the

IR and .2% in the visible regon can now be easily measured.

4.4. Exact alignment of the sensing heads

For exact alignment of the sensing heads with respect to the

radiation source, one external sighting telescope with variable

magnification is provided for each telescope for raw alignment

allowing observation of the source without interruption of the
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measurement. Furthermore, the images produced by the telescopes

can be viewed parallax-free through auxiliary telescopes by
shifting a deflecting mirror into the beam path. These tele-
scopes can be used both for angular alignment and focusing of

the receiving telescopes. The most precise method for alignment

and focusing, however, is maximizing the detector signal. We
found that in the visible detector the alignment state found

by the auxiliary telescope is practically the same than that
found by signal maximation, but not in the IR detector, where

the alignment telescope (or the detector itself)is obviously

both out of focus and off-axis.

5-. Evaluation of Data from the Knolienber [article

Spectrometer (Classical Type)

5.1. Different exposure times for individual ranges

Reasonably, we have a short exposure time for small particles

and a long exposure time for large particles.

Since we use an electronic auxiliary unit constructed by our-

selves, the different exposure times are as follows:

Range 0 .... 13 minutes 2.00 to 20.00 microns

Range 1 .... 4 minutes 1.00 to 12,25

Range 2 .... 2 minutes 0.50 to 2.75

Range 3 .... 1 minute 0,320 to 0,755

Thus, a complete measurinq cycle comes up to 20 minutes, be-
ginning with range 0 and always at the full hour. In future,

the total length of this measuring cycle will be reduced by
factor 2 - 3 but the intervals between exposure times in t he
single ranges will be retained. The flow rate through the

measuring volume is 0,11 cm3 /se.
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5. 2. Combination of t he channels to one spectrum

In the former evaluation the comnlete measuring range (65 chan-

nels) from 0. '2 to 20 m diicameter has been bridged by 9 mean

particles sies which .ubdi.ide the existing measuring range

equidistant (in I,-;ai ith ic scale) . Iater on we departed a

little from tilis ,,mn, l i subdivision (stronqly equidistant)

because dependence PtAwteen relative scatter intensity and par-

ticle size accordinq tu Mie's theory was not evident. This

concerned particles sizes between 0.80 and 2.00 microns

(range 2, channels 3 - 10).

Initially we combined:

Channels 3 to 5 with mean diameter 1.00 microns

Channels 6 to 10 with mean diameter 1.55 microns

On account of the above mentioned Mie theory we combined later

channels 3 - 10 which corresponds to a mean diameter of 1.25 "m.

For program-technical reasons we combined in the evaluation

additionally channels 9 - 10 because in this size range we

have again a clear dependence according to Mie theory (see

Table 5.1.).

From Table 5.1. it can be seen that there is no overlapping

of measuring ranges in the combination of channels (except

for Y 3 P Y4 ) but quite on contrary we note small gaps between

Y2 and Y' Vor Y5 and Y6 (caused by the transition from one

range to the other). The spectrum was built up more by the

particle number of fine particles in the channels per range.

From the paper of J. Abele ) it follows that a rather clear

dependence between relative scatter intensity and particle

J. Abele: Report F fo 198(n/o2, T~ibingen, (Forschungsinst-tut
fir Optik)
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size must be expected for the natural aerosol. For this reason

we wish in future to base the aerosol particle spectrum on

12_particle sizes (Y - Y inTbe52)
1 12inTle.2)

In this combination overlapping of measuring ranges will be

used (during transition from one range to another: From Y
2

to Y 3 ' from Y 5to Y 6and f rom Y 7 to Y .Hence, we rely

then on the particle number of the more coarse particles in

the channels per range.

For control purposes (check on the counting in overlapping

areas in the different ranges) we will calculate in addition

another partial spectrum with mean particle size from 0.570 im

=K and 8.367 ~m=K (see Table 5.2., bottom part).
3 11

If the Knollenberg spectrometer can be considered as function-

ing properly, no great difference may exist between the spectrum

from Y 1 - Y 12 (solid line in Fig. 5.1.) and the spectrum from

K 3- K 1(dashed line in Fig. 5.1.) or, respectively, reality

must be intermediate between these two partial results.

First outcomes show fairly good agreement (see Fig. 5.1.).
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6. Brief Descrjption of Details Regarding Data Sampling at

Station Kreuzeck and Institute (Garmisch) in the Valley,

Telemetric Transmissions

6.1. Switching on- and off of systems at station Kreuzeck

Until about a year back, the transmissometer system at station

Kreuzeck including sampling of aerosol spectra and meteorolo-

gical data as well as storage on punch tape was turned on and

off upon telephone call by operators of the Kreuzeck cable car.

This, however, was only possible during normal duty hours of

the personnel. Hence, measurements before the first and after

the last run and also during shutdown of the cable car in fall

were excluded.

Therefore, a telemetric connection was established using a

pair of radiotelephones. Upon transmission of the respective

code signal, the whole complex of systems or only parts of it

can be turned on- and off by radio.

Coding of the signals prevents an "extraneous release" by

R/F traffic in the same frequency band and other radio in-

stallations.

6.2. Transmission of the chopper frequency from the Barnes

transmitter_ at the Kreuzeck to the valley station

Thanks to an additional US Army Contract (DAJA37-80-C-0256)

a telemetry link was installed which transmits the chopper

frequency of the Barnes transmitter to the valley and feeds

it into the lock-in amplifier.

Technical data:

i. Transmitter: Transmission frequency 2.45 Gliz / output energ
1 watt

Manner of modulation Helical antanna
(direct ional antenna)

- .. I ,
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ii. Receiver: Sensitivity: about 20 microvolts

Image frequency attenuation: 40 dB

Antenna: analogous to transmitter

6.3. Data sampling at station Kreuzeck till June 1980

i. Knollenberg particle spectrum (0.35 - 20 4m 0):

1 cycle over all 4 ranges per 20 minutes

ii. Air temperature,

rel. humidity (humidity sensor, lithium-chloride principle)

precipitation (ombrometer),

all values obtained over 5 minutes and then output

iii. Storage:

All data i - ii., along with date and time, are stored on

punch tape at station Kreuzeck. Punch tapes have been brought

down to the valley by a staff member after the end of the

measuring campaigns.

6.4. Works on improving 6.4. (i. and ii.) and the telemetric

data transmission

i. Time resolution will be increased, i.e.:

Detection of 3 cycles (4 ranges) of the Knollenberg

particle spectrum every 20 minutes;

for the time being, still storage on punch tape.

ii. In preparation:

Current temperature measurements in the blackbody radiator

to control its stability;

visibility measurements by Ruppersberg visibility meter

additionally installed at Kreuzeck.
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iii. Telemetric transmission:

Work is in progress to transmit the data a!; ner 6. 4 .i. and

ii. by the system described in Chapter 6.2. on-line to the

valley institute where they are stored - as intermediate

stage - equally on punch tape. This enables, however,

immediate checks (e.g. fault identification) and evaluation

of data.

iv. Data storage and on-line utilization in a separate computer.

The ultimate goal (to be expected about early 1981) is to

feed the Kreuzeck data and relevant valley data directly

into a separate on-line computer at the Insitute, to store

them there and make them currently visible by call-off on

an optical terminal. Storage happens for safety reasons

simultaneously on punch tape (for permanent reference)

and on floppy discs for immediate further processing

with the larger computer system.

7. Representation of Data Resulting from Measuring Campaigns

Conducted from the End of 1979 until June 1980

First some preliminary remarks:

As mentioned in the beginning, we discuss here exclusively

transmission measurements without telemetry link, i.e. those

during which in case of transmission lower than about 12%,

reliable data could not be obtained any more.

After presenting selection criteria as to appropriate days

for the conduct of measuring campaigns, a detailed description

is given of each campaign that has been run effectively.

Some had to be stopped prematurely due to unforeseen deterio-

ration of weather conditions.

The description of each cami)aign begins with a pr,.sentat iOn
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of the general and special meteorological conditions on the

respective day and proceeds to a discussion of the profiles

detected by the slant path lidar in all three wavelengths

(for manner of presentation see 7.1.ii.). For interpretation

of the lidar backscatter profiles we provide diagrams of the

radiosonde profiles (temperature (T) , relative humidity (RHi),

and absolute humidity (All). Knollenberg particle spectra, for

the most part hourly-averaged, are also added.

Quantitative results of transmission measurements are supplied

in tabular form and contain transmission factors T and extinc-

tion coefficients j.

In addition to these data which are obtained with the Barnes

transmissometers, the time correlated, relevant meteorological

data are given in the same table.

For calculating the absolute values of transmission factor T

we used as 100% values the highest signal amp]itudes measured

on haze-free calibration days ("Rayleigh days").

Further, mean extinction coefficients u are indicated. These

are calculated by dividing the negative natural logarithm of

transmission factor T by the length of the measuring path.

The extinction coefficients are additively composed of the

portions caused by the individual scattering elements (aerosol

particles, fog droplets)so that arithmetic averaging is phys-

ically meaningful only for ka but not for T. Only in case of

minor variations in the single values both averaging methods

do lead to an analogous result.

All figures belonging to this chapter can be found in the

ANNEX, the tables are given at the respective passage in

the text.

The figures are preceeded by a comparative scale (Fig. 1)
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which enables the reader to relate the slant distance scale -

given in km - (point 0 = lidar transmitter; end point = rock

face close to the Kreuzeck mountain station, distance between

the two points 2.7 km) to the radiosonde ascents whose height

scale is plotted in m above sea level.

We would explicitly point out that the present report does not

yet include a closer discussion of transmissometer results in

connection with meteorological or lidar data because the hither-

to available material is still too poor for an assessment of

the relationships. Preconceived conclusions which possibly must

be corrected later shall thus be avoided.

7.1. Preliminary remarks concerning selection of measuring

campaigns

i. Two main criteria were always determinant in makinq a deci-

sion as to the start of measuring campaigns, namely, whether

transmission values as low as possible or values as high as

possible had to be expected. Low transmission conditions are

of interest relative to practical application, especially

for military purposes. On the other hand, data obtained

during high transmission levels are needed for calibrating

the system, i.e. for determining that level of the measured

values which corresponds to completely unimpeded light trans-

mission and 100% transmission, respectively. Even if con-

ditions of 100% transmission can only approximately be

reached in practice, the residual extinction can be deter-

mined the more reliable the smaller it is. In the visible

range even a completely aerosol-froe atmosphere has yet

about 3% extinction due to Rayleigh scattering while in the

range of the thermal infrared Rayleigh scatter can be neg-

lected but line absorption through water vapor and trace

gases such as ozone, CO 2 , etc. must be considered.



-31 -

Although the manufacturer supplied together with the system

calibration data for both wavelength ranges obtained through

measurements at the smallest possible distance from the ra-

diation source and receiver, these can only be used as

guiding data because the influence of the extremely vary-

ing geometries can probably not be calculated with suffici-

ent accuracy, and moreover, long-term variations, e.g.,

through deteriorating quality of the optical components

cannot be ruled out.

Days with low transmission in which measuring campaigns

have been conducted will henceforth be briefly denoted as

"measurement days" in contrast to "calibration days", i.e.

days in which transmission was high. The decision as to

whether a day was considered as"measurement day" or "cali-

bration day" was made in the morning according to obvious

visibility conditions and experiences available over many

years concerning the development to be expected in the

course of the day; further on the basis of recordings as,

for instance, visibility, and above all on the basis of

data from the stationary vertical lidar which on "promising"

days is turned on as early as possible and is running during

the transmission measurement concurrently as monitor in

automatic operation where every half hour backscatter pro-

files from the lower 6 km of the . mosphere in the two

wavelengths 347 and 694 nm are being detected and stored

as well as output as hardcopy diaqram.

In the measurement examples discussed below, transmissometer
recordings are mainly described by the slant-1idar profiles

which give a particularly illustrative pict ure not only of

the aerosol distribution alonq the path but also ()f conden-

sation processes, position of the actna]ly oxistinq clouds,

and mainly of precipitation - if any - where it must be
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emphasized that the detection limit for precipitation,

e.pecially for snow, lies for the lidar far celow that

of all the other conventional measuring instruments.

it. in order not to delay formulation of the present report,

the slant profiles have not been prepared on the main

computer system; the raw data have been read without ex-

chanqe rigiht from the magnetic tape cassette into th2

computer o)f the mobile lidar. From that, the normalized

backscatter j)rofiles have been calculated and plotted by

the X-Y recorcdr. For this reason the profiles are of

somewhat "provisional" character. Plotted in the diagram

are for the three wavelengths of the slant lidar (347, 530,

694 nm) the profiles of value FT:' above the slant distance

where F denotes the total backscatter coefficient (molecu-

lar plus aerosol part) and 7 the two-way transmission fac-

tor which is the product of molecular and aerosol part

and where in the slant distance zero can be defined as

being equal to 1. Since the slant lidar is calibrated ab-
-1 -1)

solutely, F can be calculated in absolute units (m sterad

see tables and preliminary remarks to Chapter 7.

7.2. Description of the measuring campaigns

7.2.1. Calibration day 3 December 1979

This day, the weather situation was characterized by a stable

anticyclone over the alpine area and the station was in the

influence of mild, extremely clean subtropical air from south-

westerly direction. Apart from some cirrus no cloudiness was

observed. In the course of the day occurred in the heiiqht above

2000 m an influx of Saharan dust which is however negi ig ib e

in this connection. The largoly aerosol-fre(, condition of aiir

is documented in Fig. 2 by the slant lidar profiles which

show in all three wavolengths a como lotel v shapeless course at
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very low level, practically caused only by Rayleigh scatter.

The intense peak at 2500 m slant distance indicates here, and

also in most of the profiles following, reflection from a rock

face close to the Kreuzeck. The lidar was oriented to this

fixed target in order to avoid DC loading of the detector by

skylight background radiation which is often most intensive

at low sun. A finite signal amplitude, possibly still present

after the fixed target peak is caused by overload effects

through extremely strong fixed-target reflection, especially

under high visibility conditions.

Transmissometer data of this day may be regarded as tentative

calibration and 100% values, respectively, in the infrared

with reservation as to a possible residual extinction through

absorption of atmospheric gas components which are difficult

to calculate from the data records and require the use of

LOWTRAN. For the visible range we measured a level of 990 milli-

volt at 6 dB attenuation, i.e., 1.98 V at 0 dB. The infrared

signal was at 700 mV/6 dB, or, respectively, 1.39 V for 0 dB.

Here, a residual level of 50 mV/0dB still existing also in the

absence of an input signal is already deducted.

7.2.2. Measurement day 14 January 1980

This day, a typical wintertime,almost cloudless high pressure

situation prevailed with slight geostrophic wind speeds and

strong subsidence. In plain terrain forms under such conditions

normally a flat, groundbased cold air layer below a temperature

inversion which is more and more enriched with humidity, aero-

sols and other air pollutants. In the mountain valley, however,

which is open to the plain and where our Insttute is located,

a pronounced mountain-valley-wind system prevails mostly during

radiation weather and under its influence the cold surface air

is carried off the valley at night. During the clay the aerosol-

rich cold air is transported again to the measuring site through



- 34 -

the valley wind, as a rule with increasing vertical thickness.

According to our experiences this process was to be expected

also for the measurement day but the upper boundary of the

inflowing hazNy, air remained throughout the day below 1000 m

a.s.l. and 350 m above ground, respectively.

A temperature inversion subsiding with time existed all over

the day(Figs. 3 and 4). In the valley we had before noon -9oC

and in the afternoon -5°C while above 1200 - 1000 m tempera-

tures were around freezing level all through the day. In the

valley 75% and 90% humidity have been recorded, above 1200 -

1000 m just 40%. In the forenoon of 14 January 1980 only sholht

haze was present at all altitudes, visibility conditions in the

valley were about 30 km. This is evident from the slant lidar

profiles (example Fig. 5) which remained unchunged all over the

forenoon. The valley wind, with shift from SSW to NNL devuloped

relatively late, i.e., between 13.00 and 14.00 and brought in

first a very flat haze layer as apparent from the lidar pro-

files in Fig. 6. The "nose" caused by the aerosol layer is just

dissolved in the short-range of the profiles. B .t one recog-

nizes the already rather marked extinction through this layer

by the reduction of the profile amplitudes above it as con-

trasted to the profiles in Fig. 5.

That the haze nose is pronounced strongest in the 530 nm pry-

file is obviously Jue to the fact that just the begin of the

haze advection has been detected since this profile was meas-

ured last of the three profiles (a complete measuring sequence

in the three wavelengths takes 10 minutes). From the lidar pro-

files obtained in the following period till 13.30 (Figs. 7-12)

it is evident that the haze layer increases in inteni:;ity and

that its top - obviously fluiwtuating - rises from initially

just 800 m a.s.1. (which corresponds to 200 m slant distance

at 19.50 inclination) slowly to 1000 m. (The structuresO in the

upper half of the profiles are not real but due to uncertain-

tie, since with respect t,) non-overload detection of the short-

range structur the l i,! r ha, been operated with ve ry 1(ow
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sensitivity). Visibility in the valley was reduced to 5 km in

the haze layer. At times, cloud formation was observed at its

upper boundary, mainly at the slopes, while a closed stratus

sheet could be seen at the end of the valley.

It is well illustrated by Fig. 13 how the particle spectrum

in the valley reflects from 12.00 - 14.00 only a weak increase

in the particle number density. From 14.00 - 16.00 follows a

marked enhancement of particles, mainly in the range of coarse

particles which finally become identifiable up to 10 and 20 am

diameter. The inflowing layer with high aerosol concentration

is thus - see lidar - documented.

Table 7.1shows the effects of the near-ground layer, increasing

from about 14.00 in thickness and aerosol load, on the slant

transmission:

a increases by factor 3.4, a only by factor 1.9; TVI s is

reduced to 79,7%, T only to 89% The rather thin aerosol

layer, maximum 100 m in thickness, has thus quite considerable

effects along the 2,7 km slant optical path.

7.2.3. Measurement day 14 February 1980

In the early morning hours of this day our area was reached

by an almost stationary, weakly pronounced air mass front

which makes itself felt only at times through more intense

cloudiness. From 08.00 on, the frontal clouds dissolve quickly

and in the course of the forenoon slight convective clouding

begins to form with its base lowering till afternoon from ini-

tially 2000 - 2500 m to 1500 m a.s.l., that is below Kreuzeck

level. Between valley and Wank level there are no indications

of a temperature inversion all through the day (see Fig. 14);

humidity in the valley was between 60 and 75 and at the
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Kreuzeck near 80%. In the free atmosphere strong subsidence

processes were recorded by the Zugspitze cable car sonde.

The vertical lidar shows in the forenoon a strong markedly

stratified haze layer with sharp upper boundary at 2400 m.

In the course of the day the top of the haze layer becomes

more and more faint due to convective processes.

The daily variation of the aerosol structure along the trans-

mission path is shown by the slant lidar profiles Figs. 15 -

27. In the first hours of forenoon we observe also here a

sharp stratification. Its most pronounced shape at 694 nm

wavelength is suggestive of humidity structures as being the

cause. Conspicuous is a gap in the haze layer at 900 m slant

distance, corresponding to 10'-0 m a.s.l., which remains stable

until 10.00 but is gone at 14.40. Towards noon, the backscatter

profiles smooth more and more at slightly reduced mean level.

With the valley wind, developing about noon, the dust concen-

tration increases again; one observes a homogeneous, obviously

well mixed ground haze layer whose upper boundary rises rapidly

in the afternoon and reaches before the end of the measuring

period at nearly 17.00 the Kreuzeck level where also clouds

begin to form.

Figs. 28 (valley) and 29 (Kreuzeck) show the particle spectra.

All over the day the particle number at Kreuzeck, ranging from

0.6 - 2 4m 0 is clearly lower than in the valley. The afternoon

growth of the particle number by half an order of magnitude in

the coarse particle range can be found at both stations.

Interesting is the spectrum at the mountain station from 17.00

in fog with extremely high, almost constant particle number

from 0.6 - 10 4m diameter.

Very informative are the transmissometer-results in Table 7.2.

avi s lies higher by about an order of magnitude than on 14

January (see Table 7.1.), r decreases from 57,4% to 39%

A . .. .. •i | l l~
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(prior to fog formation). In contrast, a and T are just

slightly affected by the high aerosol concentration in a thick

layer: T (91,9 - 88,7%) and a (0,0311 + 0,0445) differIR IR

negligibly from the data in Table 1.

7.2.4. Calibration day_25_Februar!_1980,onl_ forenoon

This day, in calm and cloudless high prc , __,i weather, very

good visibility conditions prevailed in th.. forenoon being

comparable to those of calibration day 3 D,>_.rmber 1979.

Only in the afternoon visibility was somewhat affected as a

result of haze advection with developing valley wind.

All over the day low humidity prevailed up to 2000 m .. ,

inversions were absent (see Figs. 30, 31). Correspondingly,

the slant lidar backscatter profiles show in the forenoon a

low amplitude without any structure (Fig. 32).

From about 14.30 we had an aerosol influx from N into the

valley with haze top rising towards evening above station

Kreuzeck. This process can be well perceived in the particle

spectrum from Kreuzeck (Fig. 33). In late afternoon the par-

ticle spectra from Kreuzeck and valley (Fig. 34) show very

good agreement.

Table 7.3. gives again transmissometer data along with meteoro-

logical data. Until 13.30, -[ R and [vIS were extremely high,

a IR and oVl s very low. However, TVI S showed already slightly

falling values and a rising values (cf. decrease in hori-

zontal visibility at Wank!). From 13.30, TIR decreased moder-

ately, TVI S strongly, and iIR as well as ivl increased con-

siderably. In tho same period, horizontal visibility in the

valley and on the Wank decreasod noticeably in - tle particle

spectrum at the Kreuzeck s;hows a marked uiat,2.
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7.2.5. Measurement day 28 February 1980

This day, a high pressure ridge extended from the East Atlantic

to the Ural and our area lay at the southern edge of the ridge

in an air mass of continental origin (cPs) having very high

aerosol concentration. Only medium-level clouds with strongly

varying cloud cover have been observed. The aerosol structure

developed very unusual this day which is rather impressively

shown by the slant lidar profiles Figs. 35 - 49. Even in the

early forenoon the structures show - mainly compared to 25 Feb -

fairly high backscatter amplitudes with some structure along

the transmission path. At 11.00 develops at 1500 m slant dis-

tance,corresponding to 1200 m a.s.l., a peak in the backscat-

ter curves which is well pronounced at 694 nm and less defined -

yet still clearly discernible - at 347 nm wavelength. Because

of the intensive background skylight caused by the near sun

it was temporarily impossible to measure at 530 nm. In the

radiosonde profiles of 11.37 a small humidity maximum i, indi-

cated at this level, a temperature inversion, however, is but

weakly pronounced or absent (weak T, RH effects also percep-

tible on Fig. 50). Somewhat more distinct is this inversion

at 15.46 on Fig. 51.

About noon, extremely hazy air which increased in thickness

was introduced by the prevailing valley wind and the measured

visibility was reduced to 3 km in the valley and 6 km at the

Wank which is absolutely unusual in our area in the case of

dry aerosol (the limit of 70% humidity in which particles begin

to grow due to water uptake was exceeded only for a short time

in the afternr on). The noted aerosol concentrations, mainly at

mean height levels, belong to the highest values ever measured

here so that this day may be regarded as particularly interest-

ing relative to transmissometer measurements. Figs. 52/53 and

54/55 indicate the systematic and drastic particle growth over

the whole spectral range in the valley and at Kreuzeck where

the concentrations increase Lowever invariably with heiqht.
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The slant lidar profiles show even at about 14.00 very high

backscatter values which continue to rise in the afternoon.

It is remarkable that the aerosol layer shows largely homo-

geneous structure without stratification, at first up to 2 km

slant range, later along the entire transmission path. This

is also documented by conductivity profiles of the Zugspitze

cable car sonde and is important in view of the future evalu-

ations. Due to the homogeneity of the haze layer the slant

lidar profiles assume the form of an exponential function

whose decrease with increasing aerosol concentration becomes

steeper and steeper (the steps and structures in the upper

part are technically induced and not real). Through that,

also the fixed-target peak (upper end of the lidar path

rock face) becomes smaller and smaller and vanishes even

entirely at 347 nm.

Because of their exponential decay the lidar profiles can be

easily extrapolated to distance zero without great arithmetical

effort, i.e., the variable parameters of our bimodal model of

particle size distribution used for the lidar measurements and

consisting of two log-normal distributions with constant center

diameter (0.4 and 2.0 um) can be deduced.

These parameters are the partial concentrations N 7 and N2 in

the fine (around 0.4 am) and coarse particle range. For 18.00

one obtains, for instance, N1 = 1,7 x 109 m - 3 and N2 =6 - 3
1,7 x 10 m . These values agree fairly well with the data

from the Knollenberq particle spectrometer at the valley sta-

tion, where for 0.4 am concentrations dN/dlnD = 2,0 x 10 ,

and for 2.0 am 1,0 x 107 m -3 have been measured. The corres-

ponding values from the spectrometer at the Kreuzeck are of

about equal rate.

Independent of the particle partial concentrations, extinction

coefficients can also be derived from the lidar profiles.

Nub
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For the three wavelengths 347, 530, and 694 nm one obtains,8 x 0 3 , ,3 x 0 3  0 3 -1
,88 x 1 1,36 x 1 , and 1,14 x 1 m . From the value

for wavelength 530 nm which lies almost in the center of the

visible range, a standard optical range of 2,9 km may be de-

duced in reasonable agreement with a visibility range of

about 3 km measured by the Ruppersberg instrument.

Transmissometer data and meteorological data are compiled in

Table 7.4a (hourly means forT, u) and Table 7.4b, respectively,

(half-hourly means for T,a): One recognizes immediately - as

a result of the almost homogeneous aerosol (haze) layer ex-

tending from the valley floor beyond the Kreuzeck - the dras-

tic difference in the behavior of T R and aIR on the one hand

(only slight changes with time) and TvI S and ov S on the other.

In the latter case Tvi S decreases from 90,5% to 3,6%, or, resp.,

avis rises from 0,037 to 1,23. (Measurability of Lransmission

was ensured because of the qjood optical chopper frequency

transmission in the infrared). This measuring campaign yielded

indeed extremely valuable data.

7.2.6. Measurement day_12_May_1980

The flow conditions in the lower and middle troposphere are

rather different this day. At ground level an Azores high extends

to our area but it lies at 500 mb at the north-western edge
of a cut-off low over Italy and Yugoslavia with which cold

polar air flows to the Mediterranean Sea. This leads to in-

stability at high altitude and moderate to stronq convection.

In the early morning hours the sky was overcast, the cloud base

at the mountain slopes reached down to 1000 m a.s.]., so that

the radiation source at Kreuzeck was invisible. However, for
the further course of the day improvement in visiblity condi-

tions was expected which occurred indeed as the cloud base rose.

From 10.00, station Kreuzeck was temporarily becominq clear

and from 15.00 it was permanently free from clouds. Thus, extinc-

tion through thin clouds could be measured in both wavelenqth

ranges.
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By means of the series of slant lidar profiles shown in Figs.

56 - 66, the increase and later disintegration of clouds in

the area of the transmission path can be well observed. In

the morning, reflection from the cloud base at about 900 m

slant distance can be perceived; below, long-wave backscatter

indicates partial condensation in wet aerosol. At 10.00, the

fixed-target reflection becomes visible for the first time

with attenuated, yet still perceptible cloud signal. In the

following period the cloud signals slowly increase with further

attenuation and vanish at about 15.00 completely (Fig. 67).

At the same time, the underlying aeiosol layer loses rapidly

its structure and the decline of the profile amplitudes signals

a general slight haze diminution which is also evident from

the visibility recordings. The aeroloqical profiles are pre-

sented by two examples in Figs. 68 and 69.

Fig. 70 shows the uniform structure of the particle spectrum

in the valley throughout the day. On Kreuzeck (Fig. 71), the

particle spectrum is higher than in the valley at 10.30 and

16.10. The almost horizontal distributions at 11.10 and 14.30

are due to cloud droplets.

Thus, TIR and TVI s values in Table 5 fit well to each other.

At 11.10 and 14.30 transmission breaks down altoqether or is

little before a breakdown but IR-transmission remains always

essentially better than VIS-transmission.

Table 5 gives an example - from the time before chopper tele-

metry - of strongly varying transmission values due to tempo-

rarily existing clouds in the transmission path. But in this

case only T-values could be calculated and averaged. Calcula-

tion of extinction coefficients was not possible since the sig-

nal amplitude was frequently zero because of the lower detec-

tion limit which was then still too high (formation of logarithm

then impossible). Time intervals were chosen such as to agree

with the Knollenberg-measurinq periods.

j
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7.2.7. Measurement day_23_Ma _1980

Our area was this day influenced by a cut-off low over the

northern Mediterranean Sea and a cold and very hazy air mass

fills the whole valley. Under the impact of the valley wind

the haze layer intensifies during the course of the day.

While mean and high level clouds are almost absent, strato-

cumulus forms already in the forenoon at 1100 - 1500 m a.s.l.

and develops during the afternoon into a closed Sc-sheet thus

interrupting the view to the Kreuzeck for several hours entirely.

Such a weather situation is normall ,, in fall and is rather

uncommon for May. Station Kreuzeck was open again only at 14.00.

During the period in between it was once more possible to detect

at times the different extinction in the visual and IR range

through dispersed cloudiness.

Fig. 72 gives the most inhomogeneous structure of the aero-

logical parameters. In contrast, the spectral distribution of

aerosol particles over the day and the height difference

valley - mountain station (here Wank instead of Kreuzeck)

remained uniform as evident from Figs. 73 and 74.

Table 6 shows the transmission data. Due to the interruption

of light transmission through cloud remnants, TIR was weakly,

TvIs strongly reduced, for aIR and ovisholds the reverse.

Compare also the horizontal visibility conditions in the

valley and at the Wank.
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8. Measurement of Length of Laser Pulses Reflected from a

Rock Face

If a short laser pulse propagates through mist or fog with

sufficient optical thickness for occurrence of multiple scat-

tering, the length of the pulse is known to be stretched up

to several microseconds. Since this phenomenon is of consid-

erable practical importance, we measured on request of ASL

the width of laser pulses reflected from a rock face close

to the location of the transmitter source (Kreuzeck) under

different visibility conditions. An as vertical as possible

portion of the rock face has been chosen for the measurements

i- order to keep pulse stretching by distance variances of

the reflector across the laser beam small. Table 8.7. pre-

sents widths of reflected 347 and 530 nm laser pulses during

low (No. I - 14), high (to. 15 - 24), and extremely low aerosol

concentration (No. 25 - 26) but with no fog or clouds present.

The pulse FWHM (full width of half maximum) is between 30 and

40 nanoseconds in most cases, and the observed variations are -

as Table 8.7. shows - not correlated with the aerosol concen-

tration. It is interesting to compare these results with

theoretical calculation5.

Weinman and Shipley+) calculated the shape of an initially

infinitely short laser pulse after passage of a cloud with

extinction coefficient a and optical thickness x. They got

a pulse FWHM 6t - .11x2 /ac, where c is the velocity of

light and A a number which is related to the asymmetry of

the scattering phase function and which is, e.g., I for

isotropic Rayleigh scatterers and about 8 for most clouds

and hazes.

In our extreme case, February 28, 1980, we measured in 530 nm

+ Weinman and Shipley, J. Geophys. Res. 77, 7123 (1972)

_ .
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an extinction coefficient of 1.36 km-i1 , resulting in an op-

tical thickness x of the air mass along the transmission path

equal to 3.67. For X = 8, we get 6t = .45 4sec, a value which

is at least ten times as high than our data. This difference

can only partially accounted for by assuming a smaller value

for A.
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Table 8.7.

Measured Widths (FWHM) of Laser Pulses Reflected from
a Rock Face

No. Date Wavelength FWHM Aerosol Concentration
(1980) (nm) (nsec)

1 5-29 530 35 low

2 5-29 530 37

3 5-29 530 38

4 5-29 530 32

5 5-29 530 37

6 5-29 530 35

7 7-22 530 30

8 7-22 530 30

9 7-22 530 24

10 7-22 530 22

11 7-22 530 30

12 7-22 347 42

13 7-22 347 38

14 7-22 347 38

15 5-23 530 40 high

16 5-23 530 35

17 5-23 530 30

18 5-23 530 35

19 5-23 530 40

20 5-23 530 35

21 5-23 347 38

22 5-23 347 40

23 5-23 347 38

24 5-23 347 41

25 2-28 530 30 extremely high

26 2-28 530 23
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9. Future Plans

Improvements still to be made are mentioned in Chapters

1 - 6 at different passages.

They concern modification of the mobile lidar for the use

of the 1060 nm wavelength, completion of computerized data

telemetry from the Kreuzeck to the valley - on-line operation -

and improvement of the visible light source (halogen lamp)

to secure a longer lamp life.

Connection of the computer to data sampling for the trans-

missivity project requires still some programming work.

Apart from that, use will be made of all weather conditions

relevant to the objective of our research work in order to

ensure through measuring campaigns systematic sampling of

specific, useful data. More importance is now attached also

to measurements during precipitation of various type.

The final data are stored and scientifically processed and

on request they will be supplied to ASL.
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ANNEX WITH FIGURES

belonging to Chapter 7
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